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(57) ABSTRACT

A differential signaling cable includes a pair of signal
conductors provided in parallel, longitudinally within the
differential signaling cable, an insulator covering a periph-
ery of the pair of signal conductors as a whole, wherein only
the isulator 1s between the pair of signal conductors, and a
shield conductor provided on an outer periphery of the
insulator. An interval between the pair of signal conductors
1s set so that an even-mode impedance of the pair of signal
conductors having the interval fixed by embedment within
the mnsulator and covered by the shield conductor, 1s 1n a
range from 1.5 to 1.9 times an odd-mode impedance for
improved skew and differential mode 1nsertion loss experi-

enced during a transmaission of high-speed signals of at least
10 Gbps.

20 Claims, 6 Drawing Sheets

,ﬂi-'ﬂ\

AW WS R A A [ . m. b E
LA P BN TR .l-n"

llllll

o b &, m oy .w _§.m .y horom
I.E ¥ = a2 g ERE NN N

--------------------

4




US 9,660,318 B2

Page 2
(51) Int. CL 2003/0047347 Al1* 3/2003 Lin ..o, HO1B 7/0807
poLL T/ (2096.01) 2008/0073105 Al 3/2008 Clark et al AT R
1 AI'K CL dl.
ggﬁg ﬁ;igg 88828; 2008/0304578 Al  12/2008 Matsubara et al.
(52) U.S. CL FOREIGN PATENT DOCUMENTS
CPC ...... HOIB 1171025 (2013.01); HOIB 11/1033 )
(2013.01); HOIB 11/1091 (2013.01); HOIB U 2001-035270° A 2/2001
11/20 (2013.01) JP 2002-056727 A 2/2002
' JP 2002-289047 A 10/2002
(58) Field of Classification Search Jp 2003-297154 A 10/2003
USPC e, 174/113 R, 115, 117 F E %gg;g%gggg i %ggg;
See application file for complete search history. P 008026564 A /7008
JP 2009-021978 A 1/2009
(56) References Cited
OTHER PUBLICATIONS
U.S. PATENT DOCUMENTS
Chinese Office Action dated Feb. 12, 2014.
5138284 A 2/1997 Vabuki et al U.S. Notice of Allowance dated May 11, 2015 in U.S. Appl. No.
5,142,100 A 8/1992 Vaupotic 12/880,421. |
5,235,296 A /1993 Saka U.S. Ofhice Action dated Oct. 22, 2014 1in U.S. Appl No.
5,283,390 A 2/1994 Hubis et al. 12/880,421. |
6.403.887 Bl 6/2002 Kebabiian et al. U.S. Ofhice Action dated Jan. 4, 2013 in U.S. Appl. No. 12/880,421.
6,504,379 Bl 1/2003 Jackson U.S. Office Action dated Jun. 7, 2012 in U.S. Appl. No. 12/880,421.
9,123,452 B2* 9/2015 Sugiyama ............ HO1B 7/0823

2002/0017393 Al 2/2002 Hanna-Myrick * cited by examiner



U.S. Patent May 23, 2017 Sheet 1 of 6 US 9,660,318 B2

L S S

Z 2

21

22

22a

22b

22¢



U.S. Patent May 23, 2017 Sheet 2 of 6 US 9,660,318 B2

SKEW, Syd21

— — —p

-';E _-u-nﬂﬂi-ﬂﬁhﬂ— s Emm mae e mur By wnt mmw apy Wy SR WAL NS i e 4

15 ’ 1.9




US 9,660,318 B2

Sheet 3 of 6

May 23, 2017

U.S. Patent




U.S. Patent May 23, 2017 Sheet 4 of 6 US 9,660,318 B2

73

a & ® -k,
IR IEEY
" = B Bk & mt g tn - F LN B Y E
R EE NN N .. s B WR N B
L B B ,-!h & w. & '® ,-‘L*,-*. " s e #'w ' » M

AJRNT S SO T Ui

OSSN N NN NS




U.S. Patent May 23, 2017 Sheet 5 of 6 US 9,660,318 B2

PRIOR ART
81

. (

IIIA’WI"II‘I" 84

V7

L)
-----------
' - ' .

PRIOR ART 1

§

‘I't'l‘l'li ------------------------------------------------- > "%

----------------------------------------

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii
llllllllllllllllllllllllllllllllllllll

LT I I N T R O T I R R e " T T T T T
---------------------------------------------

"""""""""""""""""""""""""""""
iiiiiiiiiiiiii

---------------------
-

lllllllllllllllllllllllllllllllllllllllll

iiiiiiiiiiiiiiiiiiiiiiii
llllllllllllllllllllllllllllllllllll
lllllllllllllllllllllllllllllllllll
lllllllllllllllllllllllllllllllllll
----------------------------------

N S AT A A A A

LT 777777/ 95

92 92



U.S. Patent May 23, 2017 Sheet 6 of 6 US 9,660,318 B2

PRIOR ART

108

104 104
103 103
mRe 102
AN =
' K
' IRARAEIRRRA AR R R R / /
105
107 106
PRIOR ART 111
114 114
113 SE e 13
112 S i 112

L] [ T - +w B - ’- """"""""""

iiiiiiiiiiiiiiiiiiiiii
lllllllllllllllllllllll
lllllllllllllllllllllllll
llllllllllllllllllllllllll
iiiiiiiiiiiiiiiiiiiiiiiiiiiii
llllllllllllllllllllllllllll
LA L L L L L ] L T R R B I 2 R T TR LT G,
L L I L B N N RN I R I T RN RN I RN R R R LA L O N I I R K B T TN TR R
lllllllllllllllllllllllllllllllllllllll
llllllllllllllllllllllllllllllllllllllll
lllllllllllllllllllllllllllllllllllll
------------------------------------
lllllllllllllllllllllllllllllllll
lllllllllllllllllllllllllllllllll
--------------------------------
lllllllllllllllllllllllllllll
lllllllllllllllllllllllll

iiiiiiiiiiiiiiiiiiiiii

@2 NN\ N\ 115
LTI TP

116



US 9,660,318 B2

1

DIFFERENTIAL SIGNALING CABLLE,
TRANSMISSION CABLE ASSEMBLY USING

SAME, AND PRODUCTION METHOD FOR
DIFFERENTIAL SIGNALING CABLE

The present application 1s a Continuation Application of
U.S. patent apphcatlon Ser. No. 12/880,421, filed on Sep.
13, 2010, which 1s based on and claims priority from
Japanese patent application No. 2009-237430, filed on Oct.
14, 2009, the entire contents of which are incorporated
herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mvention relates to a differential signaling
cable used for transmitting high-speed digital signals of
several Gbps or more, a transmission cable assembly using
the diflerential signaling cable, and a production method for
the diflerential signaling cable. And specifically, the inven-
tion relates to a differential signaling cable in which signal
integrity does not deteriorate much, a transmission cable
assembly using the differential signaling cable, and a pro-
duction method for the differential signaling cable.

2. Description of Related Art

In servers, routers, and storage products which handle
high-speed digital signals of several Gbps or more, differ-
ential signaling 1s often used for transmission between
clectronic devices or between boards located 1n an electronic
device. Such electronic devices or boards located in an
clectronic device are electrically connected by a differential
signaling cable.

Transmission ol differential signaling uses two signals
which have had their phases mverted, and a difference
between the two signals 1s synthesized and outputted on the
receiving side. The differential signaling cable 1s equipped
with two signal conductors (also referred to as conducting,
wire or cable core) to transmit two signals that have had their
phases mverted.

Because 1n a differential signaling cable, currents passing,
through two signal conductors flow 1n opposite directions to
cach other, an advantage 1s that there 1s a decreased amount
of electromagnetic waves externally emitted. Furthermore,
in a differential signaling cable, because noise coming from
outside 1s superimposed equally by two signal conductors,
another advantage 1s that an effect ol noise can be eliminated
by synthesizing and outputting the difference between two
signals on the receiving side. For these reasons, transmission
using differential signals 1s suitable for transmitting high-
speed digital signals.

Conventional differential signaling cables include a
twisted pair cable 1n which a signal conductor 1s covered by
an 1nsulator and two of those insulated wires are twisted to
form a pair. Since the twisted pair cable 1s 1nexpensive,
balanced, and easily bent, 1t 1s widely used for intermediate-
distance signal transmission.

However, because the twisted pair cable does not have a
conductor equivalent to a ground, it 1s easily aflected by
metals located near the cable and the characteristic 1imped-
ance 1s not stable. For these reasons, i the twisted pair
cable, there 1s a problem such that signal waveform 1s prone
to collapse 1n the high-frequency area of several GHz.
Theretfore, the twisted pair cable 1s not often used as the
transmission cable when several Gbps or more are to be
transmitted.

On the other hand, another type of differential signaling

cable 1s a twin-axial (twinax) cable 1n which two 1nsulated
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wires are disposed in parallel without being twisted, and
those wires are covered by a shield conductor. In comparison
with a twisted pair cable, because in the twin-axial (twinax)
cable, a diflerence 1n the physical length between two
conductors 1s small and the shield conductor covers the two
insulated wires as a whole, the characteristic 1impedance
does not become unstable even when metals are located near
the cable, and noise resistance 1s high. Therefore, the twin-
axial cable 1s used for short-distance (from several meters to
several tens of meters) signal transmission at comparatively
high-speed (lugh-rate). Shield conductors for twin-axial
cable include conductors using a tape with a conductor
(metal foil tape), using a braided wire, attaching a grounding,
drain wire, and the like.

As an example, JP-A 2002-289047 discloses a twin-axial
cable. FIG. 8 1s a schematic 1illustration showing a cross-
sectional view of a twin-axial cable as a conventional
differential signaling cable.

As shown 1n FIG. 8, a twin-axial cable 81 1s structured
such that two insulated wires 84, each made by insulating
signal conductors 82 with an insulator 83, are wrapped
around or longitudinally supported by a shield conductor 85
which 1s a metal fo1l tape made by laminating a polyethylene
tape with metal fo1l such as aluminum or the like, and then
the shield conductor 85 1s covered by a jacket 86 to protect
the 1nside of the cable. Between the shield conductor 85 and
the insulated wires 84, a drain wire 87 1s longitudinally
disposed so that 1t comes 1n contact with the conductive
surface (metal foil) of the shield conductor 85, thereby
grounding the drain wire 87.

However, in order to transmit high-speed signals of
several Gbps or more, 1t 1s necessary to reduce skew which
1s a diflerence 1n propagation time of two signals between
the two signal conductors. This 1s because the wavelorm of
digital signals outputted by synthesizing the diflerence
between two signals on the recerving side collapses with
increasing the skew. For example, 1n the transmission of
high-speed signals equivalent to 10 Gbps, a skew of only
several ps (picoseconds) can deteriorate signal quality. Fur-
thermore, recently, in terms of the necessity for reducing
EMI (electromagnetic interference; electromagnetic wave
interruption), 1t 1s also required to make the differential-to-
common-mode conversion quantity low.

Another twin-axial cable 1s disclosed 1n JP-A 2001-
35270. FIG. 9 1s a schematic illustration showing a cross-
sectional view of another twin-axial cable as a conventional
differential signaling cable. As shown in FIG. 9, a twin-axial
cable 91 1s structured such that two signal conductors 92 are
together covered with an insulator 93, and the insulator 93
1s wrapped around or longitudinally supported by a shield
conductor 94 which 1s a metal foil tape, and then the shield
conductor 94 1s covered by a jacket 935 to protect the nside
of the cable. The twin-axial cable 91 makes 1t possible to
suppress a permittivity difference of the insulator 93 and
reduce the skew by covering both of the two signal conduc-
tors 92 together by an insulator 93.

Still another twin-axial cable 1s disclosed 1n JP-A 2007-
26909. FIG. 10 1s a schematic 1llustration showing a cross-
sectional view of still another twin-axial cable as a conven-
tional differential signaling cable. As shown i FIG. 10, a
twin-axial cable 101 1s structured such that two insulated
wires 104, each made by covering a signal conductor 102
with an insulator 103, are covered by a foaming agent tape
105, and the foammg agent tape 105 is then covered by a
shield conductor 106 which i1s a metal foil tape, then the
shield conductor 106 1s finally covered by a jacket 107.
Between the foaming agent tape 105 and the shield conduc-
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tor 106, a drain wire 108 1s longitudinally disposed so that
it comes 1n contact with the conductive surface (metal foi1l)
of the shield conductor 106. In the twin-axial cable 101,
before two insulated wires 104 are covered by a shield
conductor 106, they are wrapped with a foaming agent tape
105 functioning as an insulator to keep a relative distance
between the signal conductor 102 and the shield conductor
106, thereby enhancing an electromagnetic coupling of both
signal conductors 102 and reducing the skew.

Still another twin-axial cable 1s disclosed 1n U.S. Pat. No.
5,283,390. FIG. 11 1s a schematic illustration showing a
cross-sectional view of still another twin-axial cable as a
conventional differential signaling cable. As shown 1n FIG.
11, a twin-axial cable 111 1s structured such that two
insulated wires 114, each made by covering a signal con-
ductor 112 with an 1nsulator 113 made of a foamed body, are
wrapped around or longitudinally supported by a shield
conductor 115 which 1s a metal fo1l tape, and the shield
conductor 115 1s then covered by a jacket 116. In the
twin-axial cable 111, the insulator 113 1s made of a foamed
body, and when the two 1nsulated wires 114 are covered by
a tape-like shield conductor 1135, they are wrapped so tightly
that the insulators 113 are slightly deformed 1n order to make
the distance between the two signal conductors 112 small.
By doing so, electromagnetlc coupling of the two signal
conductors 112 1s enhanced and the skew 1s reduced.

As mentioned above, 1in the twin-axial cable 91 shown in
FIG. 9, the skew 1s reduced by covering the two signal
conductors 92 together with the insulator 93. However, by
simply covering both of the signal conductors 92 with the
insulator 93 as a whole, deviation of the permittivity distri-
bution 1n the insulator 93 and deviation of the bilaterally
symmetric property of the shape of the shield slightly
remain. Therefore, eflects of suthcient reduction of both the
skew and the diflerential-to-common-mode conversion
quantity may not be obtained in some cases when high-
speed signals equivalent to 10 Gbps are transmitted.

Furthermore, 1n the twin-axial cable 101 shown 1n FIG.
10, since the process of wrapping the foaming agent tape
105 1s added, an increase in production costs 1s 1nevitable.
Moreover, the ellects of the skew reduction cannot be
obtained unless a relatively thick foaming agent tape 105,
such as 0.2 mm thick foaming agent tape 105 1s used.
Therefore, the bilaterally symmetric property 1s destroyed
depending on the overwrapping condition of the foaming
agent tape 105, creating problems 1n that the skew and the
differential-to-common-mode conversion quantity may
increase and characteristic impedance may fluctuate. Con-
sequently, 1t 1s necessary to precisely control the overwrap-
ping condition of the foaming agent tape 105, however, 1t 1s
very diflicult during the actual process.

In the case of the twin-axial cable 111 shown 1n FIG. 11,
the msulator 113 1s deformed by wrapping the two 1nsulated
wires 114 with the tape-like shield conductor 115, however,
it 1s difficult to control the distance between the two signal
conductors 112, and when the bilaterally symmetric property
1s destroyed, problems may be created in that the skew and
the differential-to-common-mode conversion quantity
increase and characteristic impedance fluctuates.

Furthermore, 1n terms of electrical characteristics, 1n order
to enhance electromagnetic coupling of the two signal
conductors, there 1s a problem such that the desired char-
acteristic 1mpedance (diflerential 1mpedance) cannot be
obtained unless an outer diameter of the cable 1s made large
or the signal conductor 1s made thin. That 1s, when the outer
diameter of the cable 1s not changed, the signal conductor
has to be made small. Consequently, transmission loss of the
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cable inevitably increases. On the contrary, when electro-
magnetic coupling 1s too strong, in-phase characteristic
impedance becomes large. Consequently, characteristic
impedance becomes inconsistent with the in-phase input
component. As a result, retlection of the in-phase component
occurs, which 1s prone to cause problems such as EMI or the
like.

Furthermore, on the mounting surface, in order to enhance
clectromagnetic coupling of the two signal conductors, 1t 1s
necessary to make the interval between the two signal
conductors relatively small with regard to the outer diameter
of the cable. However, when soldering the twin-axial cable
onto a board or a connector, the connection pitch becomes
small, which tends to make connecting work diflicult.

Normally, a drain wire 1s disposed between the two
insulated wires by considering the stability of the bilaterally
symmetric property and the position (see, e.g., FIGS. 8 and
10). However, when the connection pitch 1s small (1.e., the
interval between the two signal conductors 1s small), 1t 1s
difficult to make connections in their mounting condition,
and 1t 1s necessary to use a method which peels away a shield
conductor to a certain degree and pulls out the drain wire to
the edge of the signal conductor and then solders the two
signal conductors and the drain wire. Pulling out the drain

wire too far makes the grounding unstable, causing electrical
characteristics to deteriorate.

SUMMARY OF THE

INVENTION

In view of the foregoing, 1t 1s an objective of the present
invention to address the above problems and to provide a
differential signaling cable used for the transmission of
high-speed signals of several Gbps or more, a transmission
cable assembly using the diflerential signaling cable, and a
production method for the differential signaling cable. In the
above diflerential signaling cable, the skew, diflerential-to-
common-mode conversion quantity, and transmission loss
are all reduced; the EMI performance 1s good; characteristic
impedance that determines transmission characteristics does
not successively tluctuate; and stable production 1s possible.
In addition, mounting to a board, connector, or the like 1s
casy; electrical characteristics in the mounting portion do
not deteriorate much; and signal waveform does not dete-
riorate much.

(1) According to an aspect of the present invention, there
1s provided a differential signaling cable comprising: a pair
of signal conductors provided in parallel; an mnsulator cov-
ering a periphery of the pair of signal conductors as a whole;
and a shield conductor provided on an outer periphery of the
insulator, 1n which an interval between the pair of signal
conductors 1s specified so that even-mode impedance
becomes 1.5 to 1.9 times odd-mode impedance.

In the above aspect (1) of the present invention, the
following modifications and changes can be made.

(1) A length of the 1nsulator 1n 1ts width direction 1n which
the pair of signal conductors 1s arranged 1s made longer than
a length 1n 1ts thickness direction perpendicular to the width
direction, and the pair of signal conductors 1s disposed at a
center of the thickness direction of the msulator.

(11) A ratio of the length of the insulator in 1ts width
direction to the length in its thickness direction 1s 2:1.

(111) A drain wire 1s longitudinally disposed on an end on
one side or ends on both sides of the insulator 1n its width
direction, the drain wire being provided between the 1nsu-
lator and the shield conductor, the drain wire being electri-
cally connected to the shield conductor.
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(1v) The drain wire and the signal conductor are linearly
disposed along the width direction of the insulator.

(v) Each drain wire 1s disposed on the ends on both sides
of the insulator 1n 1ts width direction; both drain wires are
linearly disposed along the width direction of the insulator;
and both drain wires are disposed in locations deviating
from the center of the thickness direction of the insulator.

(v1) The drain wire 1s engaged with an engagement groove
formed on the end on one side or the ends on both sides of
the 1nsulator in 1ts width direction.

(vi1) A transmission cable assembly 1s structured such
that: at least two or more of the above-mentioned diflerential
signaling cables are bundled; a batch-covering shield con-
ductor 1s provided on a periphery of the bundled cables as a
whole; and an outer periphery of the batch-covering shield
conductor 1s covered with a jacket made of an i1nsulator.

(2) According to another aspect of the present invention,
there 1s provided a production method for a differential
signaling cable comprising a pair of signal conductors
provided in parallel, an insulator covering a periphery of the
pair of signal conductors as a whole, and a shield conductor
provided on an outer periphery of the insulator 1s provided,
in which each conductor of the pair of signal conductors 1s
disposed such that an interval therebetween 1s specified as
even-mode 1impedance becomes 1.5 to 1.9 times odd-mode
impedance, and the insulator 1s formed in a batch on the
periphery of the pair of signal conductors by means of
extrusion molding.

Advantages of the Invention

According to the present invention, 1t 1s possible to
provide a differential signaling cable, a transmission cable
assembly using the differential signaling cable, and a pro-
duction method for the differential signaling cable. In the
above differential signaling cable, the skew, diflerential-to-
common-mode conversion quantity, and transmission loss
are all reduced; the EMI performance 1s good; characteristic
impedance that determines transmission characteristics does
not successively fluctuate; and stable production 1s possible.
In addition, mounting to a board, connector, or the like 1s
casy; electrical characteristics in the mounting portion do
not deteriorate much; and signal wavetform does not dete-
riorate much.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic illustration showing a cross-sec-
tional view of an exemplary differential signaling cable
according to a first embodiment of the present invention.

FIG. 2 1s a schematic illustration showing a perspective
view 1n which the differential signaling cable 1 FIG. 1 1s
mounted onto a printed-circuit board.

FIG. 3 shows an analytical result of a relationship
between skew and transmission characteristics (diflerential
mode 1nsertion loss S, ,,) with regard to a degree (Z_,_,/
7. . ;) of electromagnetic coupling of two signal conductors
in a differential signaling cable.

FIG. 4 1s a schematic illustration showing a cross-sec-
tional view of an exemplary differential signaling cable
according to a second embodiment of the present invention.

FIG. 5 1s a schematic illustration showing a cross-sec-
tional view of an exemplary differential signaling cable
according to a third embodiment of the present invention.

FIG. 6 1s a schematic illustration showing a cross-sec-
tional view of an exemplary differential signaling cable
according to a fourth embodiment of the present invention.
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FIG. 7 1s a schematic illustration showing a cross-sec-
tional view of an exemplary transmission cable assembly
according to a fifth embodiment of the present invention.

FIG. 8 1s a schematic illustration showing a cross-sec-
tional view of a twin-axial cable as a conventional differ-
ential signaling cable.

FIG. 9 1s a schematic illustration showing a cross-sec-
tional view of another twin-axial cable as a conventional
differential signaling cable.

FIG. 10 1s a schematic illustration showing a cross-
sectional view of still another twin-axial cable as a conven-
tional differential signaling cable.

FIG. 11 1s a schematic illustration showing a cross-
sectional view of still another twin-axial cable as a conven-
tional differential signaling cable.

(Ll

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

Hereaftter, a preferred embodiment of the present mnven-
tion will be described with reference to the attached draw-
ings. However, the present invention 1s not intended to be
limited to the following embodiments, and 1t 1s obvious that
various changes may be made without departing from the
scope of the invention.

First Embodiment of Present Invention

FIG. 1 1s a schematic illustration showing a cross-sec-
tional view of an exemplary differential signaling cable
according to a first embodiment of the present invention. As
shown 1n FIG. 1, a differential signaling cable 1 comprises:
a pair of signal conductors 2 provided in parallel; an
insulator 3 having a predetermined permittivity which cov-
ers 1n a batch the periphery of both signal conductors 2; a
shield conductor 4 provided on the outer periphery of the
insulator 3; a drain wire 5 for grounding longitudinally
disposed between the msulator 3 and the shield conductor 4;
and a jacket 6 for cable protection provided on the outer
periphery of the shield conductor 4.

The signal conductor 2 1s a good electrical conductor
made of copper or the like. Furthermore, the signal conduc-
tor 2 1s a single wire or a twisted wire made by plating a
metal on the good electrical conductor. In a differential
signaling cable 1 according to this embodiment, an interval
between two signal conductors 2 1s specified so that even-
mode 1mpedance Z___ becomes 1.5 to 1.9 times that of
odd-mode mmpedance Z_,, The reason for this will be
described later.

The msulator 3 1s formed 1n a flattened shape when 1ts
cross-section 1s viewed. Assuming that the direction along
which the pair of signal conductors 2 are arranged (hori-
zontal direction in FIG. 1) 1s a width direction and the
direction perpendicular to the width direction (vertical direc-
tion 1n FIG. 1) 1s a thickness direction, the insulator 3 1s
formed such that a length 1n the width direction (hereafter,
simply referred to as width) 1s larger than a length in the
thickness direction (hereafter, simply referred to as thick-
ness).

In this embodiment, the shape of the insulator 3 when 1ts
cross-section 1s viewed appears as two approximately
straight sides and two curved sides connecting to the two
approximately straight sides (e.g., racetrack geometry).
Also, the msulator 3 may be in the shape of an ellipse when
its cross-section 1s viewed. Both signal conductors 2 are
disposed at a center (on a centerline) of the thickness
direction of the insulator 3. In most cases, two differential
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signaling cables 1 are used as a pair to transmit and receive
signals, therefore, to make the cross-section shape of the
united two cables as close to a circle as possible, 1t 1s
preferable that the ratio of the width to the thickness of the
insulator 3 be 2:1.

The msulator 3 1s created such that both signal conductors
2 are covered 1n a batch with an 1msulating resin provided by,
¢.g., an extruding machine. It 1s preferable that the mnsulating
resin used for the msulator 3 has a small permittivity, small
dielectric tangent, and be made of, e.g., polytetratluoroeth-
ylene (PTFE), perfluoroalkoxy (PFA), polyethylene, and the
like.

Furthermore, in order to make the permittivity and the
dielectric tangent small, expanded insulating resin may be
used as an msulator 3. When using expanded msulating resin
as an isulator 3, 1t 1s recommended that the insulator 3 be
formed by using a method which kneads a foaming agent
before molding and controls the degree of foaming accord-
ing to the temperature used during the molding process or a
method that mjects nitrogen gas or the like by the pressure
used during the molding process and executes foaming at the
time when pressure 1s being released.

On an end on one side of the insulator 3 1n i1ts width
direction (the left end in FIG. 1), a drain wire 5 1s longitu-
dinally disposed in parallel with both of the two signal
conductors 2. That 1s, the drain wire 5 and the two signal
conductors 2 are linearly disposed along the width direction
of the insulator 3. In the same manner as a signal conductor
2, a drain wire 5 1s made of an electrical good conductor
such as copper or the like. Also, the drain wire 5 1s a single
wire or a twisted wire made by plating a metal on the good
electrical conductor.

As a shield conductor 4, a metal foil tape made by
laminating a polyethylene tape with a metal foil such as
aluminum or the like 1s used. The shield conductor 4 1s not
limited to the above, and a braided wire may also be used.
The shield conductor 4 1s wrapped around the periphery of
the 1mnsulator 3 and the drain wire 3, thereby the drain wire
5 15 securely fixed onto the msulator 3. In this process, the
shield conductor 4 1s wrapped so that the conductive surface
(metal fo1l) of the shield conductor 4 comes 1n contact with
the drain wire 5. Furthermore, the outer periphery of the
shield conductor 4 1s covered by a jacket 6 made of an
insulator to protect the cable.

FIG. 2 1s a schematic illustration showing a perspective
view 1n which the differential signaling cable 1 FIG. 1 1s
mounted onto a printed-circuit board. As shown in FIG. 2,
when mounting the diferential signaling cable 1 onto, e.g.,
a printed-circuit board 21, the jacket 6, the shield conductor
4, and the insulator 3 are sequentially peeled away 1n a
cascading manner to expose the signal conductors 2 and the
drain wire 5. Then 1n this position, the signal conductors 2
are soldered onto signal electrodes 22 (P-electrode 22a,
N-electrode 226) on the printed-circuit board 21, and the
drain wire 3 1s soldered onto a ground electrode 23.

Thus, 1n the differential signaling cable 1 according to the
present mnvention, it 1s possible to solder the signal conduc-
tors 2 and the drain wire 5 while they are exposed, and even
if the interval between the two signal conductors 2 1s small,
it 1s possible to mount the signal conductors 2 without
interfering with the drain wire 5. Furthermore, because the
exposed portion of the shield conductor 4 1s small, electrical
characteristics do not deteriorate.

Herein, an explanation will be made about why the
interval between the two signal conductors 2 1s specified so
that even-mode impedance 7Z_ __ becomes 1.5 to 1.9 times
that of odd-mode 1mpedance Z_, ..
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In a differential signaling cable 1, since the periphery of
both signal conductors 2 1s covered 1n a batch by an insulator
3 by extrusion molding, 1t 1s possible to flexibly specily the
interval between the two signal conductors 2 and to achieve
a desired degree of the electromagnetic coupling of the two
signal conductors 2. However, 1t 1s necessary to determine
the interval between the two signal conductors 2 by consid-
ering the reduction of skew and differential-to-common-
mode conversion quantity and the reduction of transmission
loss.

For example, 1n a differential signaling cable with no
clectromagnetic coupling, electromagnetic waves passing
through the 1side of the cable separately propagate between
one signal conductor and the shield conductor and between
the other signal conductor and the shield conductor. There-
fore, a slight difference in the propagation constant in each
route aflects the increase in the skew and the differential-
to-common-mode conversion quantity. That 1s, the skew and
the diflerential-to-common-mode conversion quantity of the
differential signaling cable increase with decreasing the
clectromagnetic coupling of both signal conductors.

On the other hand, when the electromagnetic coupling of
both signal conductors 1s strong, among electromagnetic
waves propagating 1nside the cable, components propagat-
ing between the two signal conductors increase, thereby
reducing the skew and the differential-to-common-mode
conversion quantity. However, an electromagnetic field con-
centrates between the two signal conductors, which
increases the cable’s transmission loss. Furthermore, when
clectromagnetic coupling of the two signal conductors 1s
strong, 1n-phase impedance of the cable becomes large, and
the characteristic impedance 1s prone to become inconsistent
with the in-phase 1input component. As a result, reflection of
the 1n-phase component occurs, resulting in the occurrence
of EMI. That 1s, as the electromagnetic coupling of the two
signal conductors becomes strong, the transmission loss
increases and the EMI performance deteriorates.

A degree of electromagnetic coupling of two signal con-
ductors can be prescribed according to the ratio of even-
mode impedance 7, to odd-mode impedance 7Z_,, of the
signal conductors (7, . /7Z_.,). The even-mode impedance
7. . 15 the impedance to the ground when both signal
conductors are excited without providing a phase difference;
and the odd-mode impedance 7Z_ , ; 1s the impedance to the
ground when both signal conductors are excited with oppo-
site phases.

The 7Z_ /7 ., can be adjusted according to an interval
between the two signal conductors. When the interval
between the two signal conductors 1s made small, the value
of 7 /7 ., becomes high, increasing the degree of the
clectromagnetic coupling of the two signal conductors.
Furthermore, the 7 __ /7 _ .. can also be adjusted according
to an outer diameter of the signal conductors. In that case,
adjustment ot 7, _ /7., , according to the outer diameter of
the signal conductors 1s necessary to make the differential
impedance be 100€2.

FIG. 3 shows an analytical result of a relationship
between skew and transmission characteristics (diflerential
mode 1nsertion loss S, ,,) with regard to a degree (7, ./
7. ., of the electromagnetic coupling of two signal conduc-
tors 1n a diflerential signaling cable. As shown i FIG. 3,
when 7 /7 _..1s less than 1.5, the effect of reduction of
skew 1s small (the skew significantly increases), and when
7. 17 .. exceeds 1.9, the transmission characteristics sig-
nificantly deteriorate (the differential mode insertion loss
S . -, significantly increases). Therefore, 1n order to reduce

the skew and to inhibit the deterioration of transmission
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characteristics, the interval between the two signal conduc-
tors 2 can be specified so that Z_ /7. ., becomes 1.51t0 1.9,
that 1s, even-mode impedance Z ., becomes 1.5 to 1.9 times
that of odd-mode impedance Z_, ..

Generally, differential impedance 1s set at 100£2, there-

tore, 7Z_,~50€2 and 7 . =75 to 9382 are established. For
example, assuming that: an eflective outer diameter of the
signal conductor 2 1s 0.18 mm; PFA (specific permittivity

& =2.1) 1s used as an insulator 3; the insulator 3 1s 1.48 mm
Wlde and 0.74 mm thick; and the interval between the two
signal conductors 2 1s 0.375 mm, the differential impedance
of the signal conductors 2 1s 100£2; the in-phase impedance
1s approximately 42€2; and the Z_ _ /7_..1s 1.67.

In the same manner, with regard to a plurality of differ-
ential signaling cables that are different in size, the 7Z_ _ /
7. ... skew, differential mode nsertion loss S ,,,, and 1n-
phase mode reflection loss (return loss) S_.,, were
investigated and analysis results are shown in Table 1. In
Table 1, conductor configuration, e.g., “7/0.08” indicates
that a signal conductor 1s configured by twisting seven wires
cach having an outer diameter of 0.08 mm. Furthermore, the
attenuation quantity 1s equal to an absolute value of difler-
ential mode 1nsertion loss S , ., ,, indicating the signal attenu-

ation quantity per meter.

TABLE 1
Distance
Effective d between
Outer outer signal
Conductor  diameter  diameter conductors Z_ ./ Skew
Size  configuretion (mm) (mm) (mm) Z.;; (ps/m)
32AWG 7/0.08 0.240 0.226 0.580 1.15 18
33AWG 7/0.071 0.213 0.200 0.440 1.50 14
34AWG 7/0.064 0.192 0.180 0.375 1.67 13
3I5AWG 7/0.056 0.168 0.158 0.327 1.88 12.5
36AWG 7/0.03 0.150 0.141 0.275 2.08 12
37TAWG 7/0.045 0.134 0.126 0.240 2.25 11.8

As shown 1n Table 1, 1n a 32AWG differential signaling
cable having the 7Z__ /7 __.. of less than 1.5, the skew was
large, 18 ps/m. On the contrary, 1n 36 AWG and 37AWG
differential signaling cables having the Z_ /7 _ .. of more
than 1.9, the attenuation quantity that 1s an absolute value of
differential mode insertion loss S, ,,, was large, 4.8 dB/m
and 5.4 dB/m, respectively, which indicated that the trans-
mission characteristics deteriorated. Furthermore, in the
36 AWG and 37AWG differential signaling cables having the
Z. .17 .,of more than 1.9, the in-phase mode retlection
loss S__.,; was more than —10 dB/m (i.e., an absolute value
of the S__,, was less than 10), which indicated that the EMI
performance got worse.

As described above, 1mn a diflerential signaling cable 1
according to the present invention, an interval between two
signal conductors 2 1s specified so that even-mode imped-
ance becomes 1.5 to 1.9 times that of odd-mode impedance.
By doing so, it 1s possible to reduce the skew and the
differential-to-common-mode conversion quantity, to keep
the transmission loss practically small, to maintain good
EMI performance, and to prevent signal waveform from
deteriorating. As a result, transmission of high-speed (high-
rate) signals of several Gbps or more becomes possible
between electronic devices or 1nside an electronic device;
thus, performance of electronic devices can be improved.

Furthermore, 1n a differential signaling cable 1 according

to the present invention, because the periphery of signal

10

conductors 2 are covered 1n a batch by an insulator 3 formed
by extrusion molding, 1t 1s possible to reduce the fluctuation
of the size of the cable 1n 1ts longitudinal direction and to

prevent characteristic impedance from fluctuating. More-

5
over, 1n a diflerential signaling cable 1 of the invention, since
7. 17 .. can be easily adjusted by changing the interval
between the two signal conductors 2 at the time of extrusion

o molding, 1t 1s not necessary to adopt complicated conven-
tional methods, such as wrapping a thick foaming agent tape
around an insulator, or deforming the insulator by tightly
wrapping it with a tape-like shield conductor. Consequently,

.5 stable production becomes possible.

Additionally, 1n a differential signaling cable 1 of the
invention, because a drain wire 5 1s disposed next to the
signal conductors 2, even 1 the interval between the two
signal conductors 2 1s small, mounting to a board or a

20 connector 1s easy, and the exposed portion of the shield
conductor 4 can be made small. Theretfore, electrical char-
acteristics 1n a mounting portion do not deteriorate much.

Next, other embodiments of the present invention will be
described.

In-phase

Differential mode
mode insertion Attenuation reflection
loss S5 quantity loss S__{;
(dB/m at (dB/m at (dB/m at
2.5 GHz) 2.5 GHz) 2.5 GHz)

-3.4 3.4 -46.1

-3.5 3.5 -23.1

-3.9 3.9 —-12.0

_4.3 4.3 ~10.3

-4.% 4.8 -9.1
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Second Embodiment of Present Invention

FIG. 4 1s a schematic 1illustration showing a cross-sec-
tional view of an exemplary differential signaling cable
according to a second embodiment of the present invention.
A differential signaling cable 41 shown in FIG. 4 has the
same structure as that of the differential signaling cable
shown 1in FIG. 1, and the difference 1s that a drain wire 5 1s
disposed on both the right and left side of the msulator 3 1n
the differential signaling cable 41. Both drain wires 5 and
both signal conductors 2 are linearly disposed along the
width direction of the msulator 3.

Because drain wires 3 are located bilaterally symmetri-
cally in the differential signaling cable 41, the bilaterally
symmetric property of electromagnetic waves propagating
through the signal conductors 2 becomes good, and the skew
and the differential-to-common-mode conversion quantity

can be further reduced.

Third Embodiment of Present Invention

FIG. 5 1s a schematic illustration showing a cross-sec-
tional view of an exemplary differential signaling cable
according to a third embodiment of the present invention. A
differential signaling cable 51 shown 1n FIG. 3 1s structured
such that 1n a differential signaling cable 41 1n FIG. 4, an
engagement groove 3a with which a drain wire 3 1s engaged
1s formed on the ends on both sides of the insulator 3 1n 1ts




US 9,660,318 B2

11

width direction along the longitudinal direction to securely
engage the drain wires 5 with the engagement grooves 3a.

For example, the engagement groove 3a can be easily
formed by providing a protrusion at the ejecting portion of
an extruding machine (where an engagement groove 3a 1s
formed) when extrusion molding the insulator 3. The depth
of the engagement groove 3a should not be too deep so that
the drain wires S can be pressed by the shield conductor 4
and the conductive surface (metal foil) of the shield con-
ductor 4 can come 1n suilicient contact with the drain wires
5.

In the differential signaling cable 51, because drain wires
5 are securely engaged with engagement grooves 3a formed
in the insulator 3, positions of the drain wires 5 are stable.
Consequently, the bilaterally symmetric property of the
cross-sectional structure of the cable 1s maintained; thus, the
bilaterally symmetric property ol electromagnetic waves
propagating through the signal conductors 2 1s good, and the
skew and the differential-to-common-mode conversion
quantity can be further reduced. Furthermore, it 1s possible
to significantly reduce defective products caused by devia-
tion of the position of the drain wire 5, thereby increasing the
speed for producing differential signaling cables 51 and

decreasing the production cost.

Fourth Embodiment of Present Invention

FIG. 6 1s a schematic illustration showing a cross-sec-
tional view of an exemplary differential signaling cable
according to a fourth embodiment of the present invention.
A differential signaling cable 61 shown in FIG. 6 1s struc-
tured such that in a differential signaling cable 31 in FIG. 5,
an engagement groove 3a with which a drain wire 5 1s
engaged 1s not formed at the center (on the centerline) of the
thickness direction of the insulator 3, but 1s formed at a
location that deviates from the center of the thickness
direction of the insulator 3 (a deviation located in the
downward direction in FIG. 6).

That 1s, 1n the differential signaling cable 61, both drain
wires 5 are disposed in locations which deviate from the
center of the thickness direction of the insulator 3. The two
drain wires 5 are linearly disposed along the width direction
of the insulator 3.

In a differential signaling cable equipped with two con-
ventional msulated wires (see, e.g., FI1G. 8), polarities of the
signal conductors can be identified by using insulated wires
in different colors. However, when two signal conductors are
covered 1 a batch with an insulator (see, e.g., FIG. 9), 1t
becomes difhicult to i1dentify the polarltles of the signal
conductors, which may decrease work efliciency in mount-
ing the differential signaling cable onto a printed-circuit
board or the like.

In a differential signaling cable 61, drain wires S are not
located at the center of the thickness direction of the
cross-section of the cable and deviate from the center
position. Therefore, 1t becomes possible to i1dentify the
polarities of the signal conductors 2 by confirming the
positions of the drain wires 5 when mounting after the jacket
6 and the shield conductor 4 have been exposed. That 1s,
according to the differential signaling cable 61, 1t 1s possible
to easily identily the polarities of the signal conductors 2,
thereby increasing workability 1n mounting the cable onto a

printed-circuit board or the like.

Fifth Embodiment of Present Invention

FIG. 7 1s a schematic illustration showing a cross-sec-
tional view of an exemplary transmission cable assembly
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according to a fifth embodiment of the present invention. A
transmission cable assembly 71 shown i FIG. 7 1s formed
such that two differential signaling cables 61, e.g., 1n FIG. 6
(without jacket 6) are bundled, a shield conductor 72 1s
provided 1n a batch on the periphery of the bundled cables,
and then the outer periphery of the shield conductor 72 is
covered by a jacket 73 made of an insulator.

The differential signaling cables 61 are bundled so that the
sides on which two drain wires 5 are disposed face each
other. Herein, a braided wire 72a 1s used as a covering shield
conductor 72, however, a metal fo1l tape can also be used.

To execute signal transmission, a transmission cable
assembly 71 comprises a differential signaling cable 61 for
transmitting (sending) si gnals and another differential sig-
naling cable 61 for receiving signals. Furthermore, 1n order
to cope with EMI and E

EMC (electromagnetic compatibility),
the two differential signaling cables 61 are covered 1n a
batch by a shield conductor 72. Thus, both the transmission
characteristics and the EMI and EMC performance are
maintained i good condition in a compact structure.

As stated above, according to the transmission cable
assembly 71, it 1s possible to maintain good transmission
characteristics and good EMI and EMC performance. There-
fore, 1t 1s possible to use the transmission cable assembly 71
as a directly attached cable for 10 GbE by providing SFP
(small form factor pluggable)+transceiver (optical module
shaped connector) on both ends of the transmission cable
assembly 71.

Herein, description was made about the situation where
two diflerential signaling cables 61 are used for the trans-
mission cable assembly 71. However, 1t 1s possible to use
three or more differential signaling cables 61, or use a
differential signaling cable 1 1n FIG. 1, a differential signal-
ing cable 41 in FIG. 4, or a differential signaling cable 51 1n
FIG. 5 mstead of using the differential signaling cable 61.

Although the present mnvention has been described with
respect to the specific embodiments for complete and clear
disclosure, the appended claims are not to be thus limited but
are to be construed as embodying all modifications and
alternative constructions that may occur to one skilled 1n the

art which fairly fall within the basic teaching herein set
forth.

What 1s claimed 1s:

1. A differential signaling cable, comprising:

a pair of signal conductors provided in parallel, longitu-
dinally within the differential signaling cable;

an insulator covering a periphery of the pair of signal
conductors as a whole, wherein only the insulator 1s
between the pair of signal conductors; and

a shield conductor provided on an outer periphery of the
insulator,

wherein an interval between the pair of signal conductors
1s set so that an even-mode impedance of the pair of
signal conductors having the interval fixed by embed-
ment within the insulator and covered by the shield
conductor, 1s 1 a range from 1.67 times to 1.88 times
an odd-mode impedance for improved skew and dii-
ferential mode 1nsertion loss experienced during a
transmission of high-speed signals of at least 10 Gbps,
the improved skew and diflerential mode 1nsertion loss
being 1 comparison both to skew experienced with
below 1.67 times the odd-mode impedance and difler-
ential mode 1nsertion loss experienced with above 1.88
times the odd-mode impedance, and

wherein the pair of signal conductors includes the even-

mode 1impedance 1n a range from 7562 to 95€2.
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2. The differential signaling cable according to claim 1,
wherein a length of the insulator 1n a width direction of the
insulator in which the pair of signal conductors 1s arranged,
1s longer than a length in a thickness direction of the
insulator perpendicular to the width direction, and

wherein the pair of signal conductors 1s disposed at a
center of the thickness direction of the insulator.

3. The differential signaling cable according to claim 2,
wherein a ratio of the length of the insulator in the width
direction to the length in the thickness direction 1s 2:1.

4. The differential signaling cable according to claim 2,
turther comprising:

a drain wire longitudinally disposed on an end on one side
or ends on both sides of the insulator in the width
direction, the drain wire being provided between the
insulator and the shield conductor, the drain wire being
clectrically connected to the shield conductor.

5. The differential signaling cable according to claim 4,
wherein the drain wire and the signal conductors are linearly
disposed along the width direction of the insulator.

6. The differential signaling cable according to claim 4,
wherein each of the drain wires 1s disposed on the ends on
both sides of the insulator in i1ts width direction,

wherein both of the drain wires are linearly disposed
along the width direction of the isulator, and

wherein both of the drain wires are disposed 1n locations
deviating ifrom the center of the thickness direction of
the 1nsulator.

7. The diflerential signaling cable according to claim 4,
wherein the drain wire 1s engaged with an engagement
groove formed on the end on one side or the drain wires are
engaged with engagement grooves formed on the ends on
both sides of the insulator 1n the width direction.

8. A transmission cable assembly, wherein at least two or
more of differential signaling cables according to claim 1 are
bundled,

wherein a batch-covering shield conductor 1s provided on
a periphery of the bundled cables as a whole, and

wherein an outer periphery of the batch-covering shield
conductor 1s covered with a jacket comprising an
insulator.

9. The differential signaling cable according to claim 1,

turther comprising:

a jacket for cable protection provided on an outer periph-
ery of the shield conductor.

10. The differential signaling cable according to claim 1,

wherein the insulator comprises a monolithic insulator.

11. The differential signaling cable according to claim 1,
wherein the pair of signal conductors comprises a pair of
signal wires.

12. The differential signaling cable according to claim 1,
wherein the interval between the pair of signal conductors 1s
set such that the even-mode impedance of the pair of signal
conductors, having the interval fixed by embedment within
the 1sulator and covered by the shield conductor, 1s about
1.67 times of the odd-mode impedance.

13. The differential signaling cable according to claim 1,
wherein the pair of signal conductors 1s configured such that
a differential impedance of the pair of signal conductors 1s
about 100€2.

14. A production method for a differential signaling cable,
the production method comprising:

providing a pair of signal conductors 1n parallel longitu-
dinally within the differential signaling cable;

covering a periphery of the pair of signal conductors as a
whole with an msulator; and covering an outer periph-
ery of the imsulator with a shield conductor,
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wherein each conductor of the pair of signal conductors 1s
disposed such that an interval therebetween 1s set so
that an even-mode impedance of the pair of signal
conductors having the interval fixed by embedment
within the mnsulator and covered by the shield conduc-
tor, 1s 1 a range from 1.67 times to 1.88 times an
odd-mode impedance for improved skew and difleren-
t1al mode 1nsertion loss experienced during transmis-
ston of high-speed signals of at least 10 Gbps, the
improved skew and differential mode insertion loss
being 1 comparison both to skew experienced with
below 1.67 times odd-mode impedance and differential
mode 1nsertion loss experienced with above 1.88 times
odd-mode impedance,

wherein the insulator 1s formed 1n a batch on the periphery

of the pair of signal conductors by an extrusion mold-
ing, such that only the msulator 1s disposed between the
pair of signal conductors, and

wherein the pair of signal conductors includes the even-

mode 1impedance 1n a range from 7562 to 95€2.

15. The production method according to claim 14,
wherein the pair of signal conductors comprises a pair of
signal wires.

16. The production method according to claim 14,
wherein the msulator comprises a monolithic 1nsulator.

17. The production method according to claim 14,
wherein the interval between the pair of signal conductors 1s
set such that the even-mode impedance of the pair of signal
conductors, having the interval fixed by embedment within
the 1mnsulator and covered by the shield conductor, 1s about
1.67 times of the odd-mode impedance.

18. The production method according to claim 14,
wherein the pair of signal conductors includes a differential
impedance of the pair of signal conductors 1s about 100£2.

19. A differential signaling cable, comprising:

a pair of signal conductors provided in parallel, longitu-

dinally within the differential signaling cable;

an insulator covering a periphery of the pair of signal

conductors as a whole, wherein only the insulator 1s
between the pair of signal conductors; and

a shield conductor provided on an outer periphery of the

insulator,

wherein an interval between the pair of signal conductors

1s set so that an even-mode impedance of the pair of
signal conductors having the interval fixed by embed-
ment within the insulator and covered by the shield
conductor, 1s 1n a range from 1.67 times to 1.88 times
an odd-mode impedance, and

wherein the pair of signal conductors includes the even-

mode 1impedance 1n a range from 7562 to 95€2.

20. A differential signaling cable, comprising:

a pair of signal conductors provided in parallel, longitu-

dinally within the differential signaling cable;

an insulator covering a periphery of the pair of signal

conductors as a whole, wherein only the insulator 1s
between the pair of signal conductors; and

a shield conductor provided on an outer periphery of the

insulator,

wherein an interval between the pair of signal conductors

1s set so that an even-mode impedance of the pair of
signal conductors having the interval fixed by embed-
ment within the insulator and covered by the shield
conductor, 1s 1n a range from 1.67 times to 1.88 times
an odd-mode impedance for improved skew and dii-
ferential mode 1nsertion loss experienced during a
transmission of high-speed signals of at least 10 Gbps,
the improved skew and differential mode 1nsertion loss
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being 1n comparison both to skew experienced with
below 1.67 times the odd-mode impedance and difler-
ential mode 1nsertion loss experienced with above 1.88
times the odd-mode impedance.
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